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1. 

MEMORY PACKAGE WITH OPTIMIZED 
DRIVER LOAD AND METHOD OF 

OPERATION 

RELATED APPLICATION 

This application is a continuation application of U.S. 
patent application Ser. No. 13/288,850, filed on Nov. 3, 2011, 
which claims the benefit of priority under 35 U.S.C. S 119(e) 
of U.S. Provisional Patent Application No. 61/409,893, filed 
on Nov. 3, 2010, and entitled “ARCHITECTURE FOR 
MEMORY MODULE WITH PACKAGES OF THREE-DI 
MENSIONAL STACKED (3DS) MEMORY CHIPS.” The 
disclosure of each of the above applications is hereby incor 
porated by reference in its entirety. 

BACKGROUND 

1. Technical Field 
The present disclosure relates to memory devices and 

memory modules. More specifically, the present disclosure 
relates to systems and methods for reducing the load of driv 
ers of memory packages included on the memory modules. 

2. Description of the Related Art 
Memory modules may include a number of memory pack 

ages. Each memory package may itself include a number of 
array dies that are packaged together. Each array die may 
include an individual semiconductor chip that includes a 
number of memory cells. The memory cell may serve as the 
basic building block of computer storage representing a 
single bit of data. 

FIGS. 1A and 1B schematically illustrate examples of 
existing memory package designs currently used or proposed 
to be used to provide the dynamic random-access memory of 
memory modules. FIG. 1A schematically illustrates a 
memory package 100 with three array dies 110 and a control 
die 130. The control die 130 is configured to respond to 
signals received by the memory package 100 by sending 
appropriate control signals to the array dies 110 and includes 
a driver 134 for driving data signals to each of the array dies 
110 via a corresponding die interconnect 120. Further, the 
control die 130 includes a driver 140 for driving command 
and/or address signals to each of the array dies 110 via 
another corresponding die interconnect 142. For simplicity, 
FIG. 1A shows only a single driver 134, die interconnect 120, 
driver 140, and die interconnect 142. However, additional 
drivers and die interconnects may be included for each bit the 
memory package 100 is designed to Support. Thus, a 16-bit 
memory may include 16 pairs of drivers and die interconnects 
for the data signals and other similar drivers and die intercon 
nects for the command and/or address signals. Each array die 
110 also includes a chip select port 144, with the chip select 
ports 144 of the array dies 110 configured to receive corre 
sponding chip select signals to enable or select the array dies 
for data transfer. The array dies 110 are configured to transfer 
data (e.g. read or write) to or from the selected memory cells 
identified by the command, address, and chip select signals 
via the die interconnects. 

In some cases, the control die 130 may include memory 
cells and therefore, also serve as an array die. Thus, as can be 
seen from FIG. 1A, the control die 130 may also include a 
chip select port 144. Alternatively, the control die 130 and the 
array dies 110 may be distinct elements and the control die 
130 may not include any memory cells. 

FIG. 1B schematically illustrates an example of a memory 
package 150 that includes four array dies 160 and a control 
die 170 that does not include memory cells. As can be seen in 
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2 
FIG. 1B, each array die 160 includes a chip select port 174. 
However, because the control die 170 does not also serve as an 
array die, the control die 170 does not include a chip select 
port. As with memory package 100, memory package 150 
includes a driver 184 that drives data signals to each of the 
array dies 160 along a corresponding die interconnect 182. 
Further, the memory package 150 includes a driver 186 for 
driving command and/or address signals to each of the array 
dies 160 via another die interconnect 188. 

Generally, a load exists on each of the drivers 134, 140, 
184, and 186 by virtue of the drivers being in electrical com 
munication with the corresponding die interconnects and the 
corresponding circuitry of the array dies. Thus, to drive a 
signal along a die interconnect, a driver typically must be 
large enough to overcome the load on the driver. However, 
generally a larger driver not only consumes more space on the 
control die, but also consumes more power. 

SUMMARY 

In certain embodiments, an apparatus is provided that com 
prises a plurality of array dies having data ports. The appara 
tus further comprises at least a first die interconnect and a 
second die interconnect. The first die interconnect is in elec 
trical communication with at least one data port of a first array 
die of the plurality of array dies and at least one data port of a 
second array die of the plurality of array dies and not in 
electrical communication with the data ports of at least a third 
array die of the plurality of array dies. The second die inter 
connect is in electrical communication with at least one data 
port of the third array die and not in electrical communication 
with the data ports of the first array die and the data ports of 
the second array die. In addition, the apparatus comprises a 
control die. The control die comprises at least a first data 
conduit configured to transmit a data signal to the first die 
interconnect and to not transmit the data signal to the second 
die interconnect, and at least a second data conduit configured 
to transmit the data signal to the second die interconnect and 
to not transmit the data signal to the first die interconnect. 

In certain embodiments, an apparatus is provided that com 
prises a plurality of array dies having ports. The apparatus 
further comprises at least a first die interconnect and a second 
die interconnect. The first die interconnect is in electrical 
communication with at least one port of a first array die of the 
plurality of array dies and at least one port of a second array 
die of the plurality of array dies and not in electrical commu 
nication with the ports of at least a third array die of the 
plurality of array dies. The second die interconnect is in 
electrical communication with at least one port of the third 
array die and not in electrical communication with the ports of 
the first array die and the ports of the second array die. In 
addition, the apparatus comprises a control die. The control 
die comprises at least a first conduit configured to transmit a 
signal to the first die interconnect and to not transmit the 
signal to the second die interconnect, and at least a second 
conduit configured to transmit the signal to the second die 
interconnect and to not transmit the signal to the first die 
interconnect. Moreover, a first load on the first conduit com 
prises a load of the first die interconnect, a load of the first 
array die, and a load of the second array die. In addition, a 
second load on the second conduit comprises a load of the 
second die interconnect and a load of the third array die. 

In certain embodiments, a method is provided for optimiz 
ing load in a memory package. The memory package com 
prises a plurality of array dies, at least a first die interconnect 
and a second die interconnect, and a control die. The control 
die comprises at least a first driver and a second driver, the first 
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driver configured to drive a signal along the first die intercon 
nect, and the second driver configured to drive the signal 
along the second die interconnect. The method comprises 
selecting a first subset of array dies of the plurality of array 
dies and a second subset of array dies of the plurality of array 
dies. The first subset of array dies and the second subset of 
array dies are exclusive of one another and are selected to 
balance a load on the first driver and on the second driver 
based at least in part on array die loads of array dies of the 
plurality of array dies and at least in part on die interconnect 
segment loads of segments of at least the first die interconnect 
and the second die interconnect. The method further com 
prises forming electrical connections between the first die 
interconnect and the first subset of array dies. In addition, the 
method comprises forming electrical connections between 
the second die interconnect and the second Subset of array 
dies. 

In certain embodiments, an apparatus is provided that com 
prises a register device configured to receive command/ad 
dress signals from a memory control hub and to generate data 
path control signals. The apparatus further comprises a plu 
rality of DRAM packages. Each of the DRAM packages 
comprises a control die. The control die comprises a plurality 
of command/address buffers and a data path control circuit 
configured to control command/address time slots and data 
bus time slots. The control die is configured to receive data 
signals from the memory control hub, the data path control 
signals from the register device, and command/address sig 
nals from the register device. Further, each of the DRAM 
packages comprises a plurality of DDR DRAM dies opera 
tively coupled to the control die to receive the data signals 
from the control die. Moreover, the memory module is selec 
tively configurable into at least two operational modes. The 
two operational modes comprise a first operational mode and 
a second operational mode. In the first operational mode the 
register device generates the data path control signals, and the 
control die uses the data path control signals to operate the 
data path control circuit. In the second operational mode, the 
control die operates the data path control circuit to provide the 
command/address signals to the plurality of DDR DRAM 
dies without decoding the command/address signals. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Throughout the drawings, reference numbers are re-used to 
indicate correspondence between referenced elements. The 
drawings are provided to illustrate certain example embodi 
ments of the inventive subject matter described herein and not 
to limit the scope thereof. 

FIGS. 1A and 1B schematically illustrate examples of 
existing memory package designs. 

FIG.2 schematically illustrates an example embodiment of 
a memory package in accordance with the present disclosure. 

FIG. 3 schematically illustrates another example embodi 
ment of a memory package in accordance with the present 
disclosure. 

FIG. 4 schematically illustrates an example embodiment of 
a driver structure of a control die in accordance with the 
present disclosure. 

FIG. 5 presents a flowchart for an example embodiment of 
a load optimization process. 

FIGS. 6A and 6B schematically illustrate an example of a 
Load Reduction Dual In-line Memory Module (LRDIMM) 
and a HyperCloudTM Dual In-line Memory Module 
(HCDIMM) architecture respectively. 
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4 
FIG. 7 schematically illustrates an example of a Three 

Dimensional Structure Dual In-line Memory Module (3DS 
DIMM) architecture. 

FIG.8 schematically illustrates an example embodiment of 
a memory module architecture in accordance with the present 
disclosure. 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

In addition to the below, the following U.S. patents are 
incorporated in their entirety by reference herein: U.S. Pat. 
Nos. 7,289,386, 7,286,436, 7,442,050, 7,375,970, 7,254,036, 
7,532,537, 7,636,274, 7,630,202, 7,619,893, 7,619,912, 
7,811,097. Further, the following U.S. patent applications are 
incorporated in their entirety by reference herein: U.S. patent 
application Ser. Nos. 12/422,912, 12/422,853, 12/577.682, 
12/629,827, 12/606,136, 12/874,900, 12/422,925, 12/504, 
131, 12/761,179, and 12/815,339. 

Certain embodiments of the present disclosure reduce the 
size of drivers that are configured to drive a signal. Such as a 
data signal, along a die interconnect to one or more array dies. 
Further, certain embodiments of the present disclosure reduce 
the power consumption of the drivers. 

In certain embodiments, reducing one or both of driversize 
and driver power consumption may be accomplished by 
increasing the number of die interconnects and reducing the 
number of array dies that are in electrical communication 
with each die interconnect. For example, instead of one die 
interconnect in electrical communication with four array 
dies, there may be two die interconnects, each in electrical 
communication with a different pair of the four array dies. 

In certain embodiments, determining the number of die 
interconnects and the number of array dies in electrical com 
munication with each die interconnect is based, at least in 
part, on a load of each array die and a load of the die inter 
connect that is in electrical communication with one or more 
of the array dies. 

In some embodiments, the load contribution from a die 
interconnect may be negligible compared to the load contri 
bution from the array dies. In such embodiments, determining 
the number of die interconnects and the number of array dies 
in electrical communication with each die interconnect may 
be based, at least in part, on a load of each array die without 
considering the load of the die interconnect. However, as the 
physical size of a memory package shrinks, the load of a die 
interconnect becomes a non-negligible value relative to the 
load of the array dies. Thus, as memory packages become 
physically smaller, it becomes more important to consider the 
load of the die interconnect in determining the number of die 
interconnects and the number of array dies in electrical com 
munication with each die interconnect. Advantageously, cer 
tain embodiments of the present disclosure account for both 
the loads of the array dies and the loads of the die intercon 
nects on a conduit (e.g., driver) in determining the number of 
die interconnects to be used and the number of array dies in 
electrical communication with each die interconnect. 

FIG.2 schematically illustrates an example embodiment of 
a memory package 200 in accordance with the present dis 
closure. One example of a memory package that includes 
array dies and a control die is the Hybrid Memory Cube 
(HMC). Examples of an HMC compatible with certain 
embodiments described herein are described by the IDF2011 
Intel Developer Forum website, http://www.intel.com/idf/in 
dex.htm, which includes presentations and papers from the 
IDF2011 Intel Developer Forum including the keynote 
address given by Justin Rattner on Sep. 15, 2011. Additional 
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examples of an HMC compatible with certain embodiments 
described herein are described by the Hybrid Memory Cube 
Consortium website, http://www.hybridmemorycube.org. 
The memory package 200 can include any type of memory 
package. For example, the memory package 200 may be a 
DRAM package, a SDRAM package, a flash memory pack 
age, or a DDR SDRAM package (e.g., DDR3, DDR4), to 
name a few. A memory module (not shown) may include one 
or more memory packages in accordance with the memory 
package 200. Further, the memory package 200 may include 
input/output terminals (not shown) that are configured to be 
placed in electrical communication with circuitry of the 
memory module to transmit signals between the memory 
package 200 and a Memory Control Hub (MCH) (not shown). 
The memory package 200 may include a plurality of array 

dies 210 (e.g., array dies 210a-210d). The plurality of array 
dies 210 may be sealed within the memory package 200. 
Further, circuitry of the array dies 210 may be in electrical 
communication with the input/output terminals of the 
memory package 200. Although generally referred to as array 
dies herein, the array dies 210 may also be called slave dies or 
slave chips. Each of the array dies 210a-210d may include 
circuitry (e.g., memory cells) (not shown) for storing data. 
Examples of array dies compatible with certain embodiments 
described herein are described by the existing literature 
regarding the Hybrid Memory Cube (e.g., as cited above). As 
illustrated in FIG. 2, the plurality of array dies 210 may be 
arranged in a stack configuration known as a three-dimen 
sional structure (30S). Examples of 30S compatible with 
certain embodiments described herein are described by the 
existing literature regarding the Hybrid Memory Cube (e.g., 
as cited above). However, the structure or layout of the plu 
rality of array dies 210 is not limited as such, and other 
structures are possible in accordance with the present disclo 
sure. For example, the plurality of array dies 210 may be 
arranged in a planar structure, or in a structure that combines 
30S with a planar structure. Moreover, while the memory 
package 200 is illustrated as including four array dies, the 
memory package 200 is not limited as Such and may include 
any number of array dies. For example, as illustrated in FIG. 
3, the memory package 200 may include eight array dies. As 
further examples, the memory package 200 may include three 
or sixteen array dies. 

Each of the array dies 210 may include one or more data 
ports (not shown). The data ports enable electrical communi 
cation and data transfer between the corresponding memory 
circuitry of the array dies 210 and a communication pathway 
(e.g., a die interconnect). 

In the example schematically illustrated in FIG. 2, the 
memory package 200 includes a plurality of die interconnects 
220 (e.g., die interconnects 220a, 220b). For example, certain 
versions of HMC have been reported to have 512 data ports 
per die, with the corresponding bits of each die all connected 
to a single die interconnect (e.g., TSV). Examples of die 
interconnects include, but are not limited to, through-silicon 
vias (TSV), conducting rods, wire bonds, and pins. (See e.g., 
U.S. Pat. Nos. 7,633,165 and 7,683.459.) Each of these die 
interconnects 220 may be coupled to, or in electrical commu 
nication with at least one data port of at least one of the array 
dies 210. In certain embodiments, at least one of the die 
interconnects 220 is in electrical communication with at least 
one data port from each of at least two array dies 210 without 
being in electrical communication with a data port from at 
least one array die 210, which may be in electrical commu 
nication with a different die interconnect 220. 

For example, die interconnect 220a may be in electrical 
communication with a data port from array die 210a and a 
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6 
data port from array die 210.b (as illustrated by the darkened 
circles in FIG. 2) and not in electrical communication with 
any data ports from array die 210c or any data ports from array 
die 210d. The data ports of array dies 210a and 210b in 
electrical communication with the die interconnect 220a can 
be corresponding to the same data bit (e.g., 00). Other die 
interconnects (not shown) can be in electrical communication 
with other data ports corresponding to other data bits (e.g., 01, 
02. . . . ) of array dies 210a and 210b. These other die 
interconnects can be electrically isolated from the corre 
sponding data ports of array dies 210c and 210d. 

However, continuing this example, the die interconnect 
220b may be in electrical communication with a data port 
from array die 210c and a data port from array die 210d (as 
illustrated by the darkened circles in FIG. 2) (e.g., corre 
sponding to the same data bit, e.g., 00) without being in 
electrical communication with any data ports from array die 
210a and array die 210b. Other die interconnects (not shown) 
can be in electrical communication with other data ports 
corresponding to other data bits (e.g., 01 02, ...) of array dies 
210c and 210d. Despite not being in electrical communica 
tion with any data ports from array die 210a and 210b, in 
Some implementations, the die interconnect 220b may pass 
through the array dies 210a and 210b (as illustrated by the 
unfilled circles) e.g., through through-holes or vias of array 
dies 210a and 210b. For some implementations, each of the 
array dies 210 may be in electrical communication with cor 
responding die interconnects 220, without any of the die 
interconnects 220 being in electrical communication with all 
of the array dies 210. Where existing systems may utilize a 
single die interconnect to be in electrical communication with 
the corresponding data ports of each array die (e.g., the data 
ports corresponding to the same bit), certain embodiments 
described herein utilize multiple die interconnects to provide 
electrical communication to the corresponding data ports of 
the array dies (e.g., the data ports corresponding to the same 
data bit) with none of the multiple die interconnects in elec 
trical communication with data ports of all the array dies. 

In addition to the plurality of array dies 210, the memory 
package 200 includes a control die 230, which may also be 
called a master die. Examples of master dies compatible with 
certain embodiments described herein are described by the 
existing literature regarding the Hybrid Memory Cube (e.g., 
as cited above). In some embodiments, the control die 230 
may be one of the array dies 210. Alternatively, the control die 
230 may be a modified version of one of the array dies 210. 
Thus, in Some implementations, memory package 200 may 
include four dies or chips instead of the five illustrated in FIG. 
2. Further, in some embodiments, the control die 230 may 
comprise a logic layer (e.g., the logic layer of an HMC). 
The control die 230 may include a number of data conduits 

232, which includes data conduits 232a and 232b. Each of 
these data conduits 232 may be configured to transmit a data 
signal to a single die interconnect 220. For example, the data 
conduit 232a may be configured to transmit a data signal to 
the die interconnect 220a without transmitting the data signal 
to the die interconnect 220b. Conversely, the data conduit 
232b may be configured to transmit the data signal to the die 
interconnect 220b without transmitting the data signal to the 
die interconnect 220a (e.g., data conduit 232b is electrically 
isolated from die interconnect 220a and data conduit 232a is 
electrically isolated from die interconnect 220b). 

In some embodiments, the data conduits 232 may also 
include one or more drivers 234 as schematically illustrated 
by FIG.2. The drivers 234 may be configured to drive the data 
signals along the corresponding die interconnects 220. In 
some embodiments, a single data conduit 232 or driver 234 
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may be in electrical communication with multiple die inter 
connects 220, each of which may be in electrical communi 
cation with different array dies 210. 

Each of the data conduits 232 may be configured to receive 
the data signal from a common source. For instance, the data 
conduit 232a and the data conduit 232b may each receive a 
Substantially similar, if not identical, data signal from the 
same signal source (e.g. the data signal corresponding to the 
same data bit). The Source of the data signal may include a 
data path, a driver, a latch, a pin, or any other construct that 
may provide a data signal to a data conduit. 
The data conduits 232 may each be subject to a load. 

Although not limited as such, this load may be measured as a 
capacitive load, Such as a parasitic capacitance. The load on 
each of the data conduits 232 may include at least a load of the 
die interconnect 220 to which the data conduit 232 is coupled 
or connected as well as a load of each array die 210 with 
which the die interconnect 220 is in electrical communication 
via a data port of the die interconnect 220. Thus, for example, 
the load of the data conduit 232a may include loads of the die 
interconnect 220a, the array die 210a, and the array die 210b. 
Similarly, the load of the data conduit 232b may include loads 
of the die interconnect 220b, the array die 210c, and the array 
die 210d. 

Generally, a load that would be on a data conduit that was 
in electrical communication with a die interconnect that was 
in electrical communication with at least one data port of each 
of the array dies 210 can be considered the maximum load for 
a data conduit. This maximum load is the load of a data 
conduit of a memory package that does not implement the 
teachings of this disclosure, but is in accordance with con 
ventional configurations. 

In some implementations, the difference between the load 
of the data conduit 232a and the load of the data conduit 232b 
is less than the maximum load for a data conduit as described 
above. Thus, in Some cases, there may exist a degree of 
balance or equalization between the loads of the data conduits 
232a, 232b. In some implementations, the difference between 
the load of the data conduit 232a and the load of the data 
conduit 232b is zero or substantially Zero. In some embodi 
ments, the length of each die interconnect 220, and the num 
ber of array dies 210 in electrical communication with each 
die interconnect 220 may be selected to maintain the differ 
ence between the load of the data conduit 232a and the load of 
the data conduit 232b to be at or below a threshold load 
difference. For example, suppose that the load of each array 
die 210 is 1, the load of each segment of the die interconnects 
220 is 0.25, and that the threshold load difference is 0.5. 
Using the configuration schematically illustrated in FIG. 2, 
the load on the data conduit 232a in this example is 2.5 and the 
load on the data conduit 232b in this example is 3. Thus, in 
this example, the difference between the load of the data 
conduit 232a and the load of the data conduit 232b is at the 
threshold load difference value of 0.5. However, an alterna 
tive configuration that places the die interconnect 220a in 
electrical communication with only the array die 210a, and 
the die interconnect 220b in electrical communication with 
the array dies 210b-210d would not satisfy the threshold load 
difference value of 0.5 of the above example. In the alterna 
tive configuration, the load on the data conduit 232a would be 
1.25 and the load on the data conduit 232b would be 4. Thus, 
in the alternative configuration, the difference between the 
load of the data conduit 232a and the load of the data conduit 
232b is 2.75, which is above the threshold load difference 
value of 0.5. 

For certain embodiments, the load of each data conduit is 
less than the maximum load as described above. Thus, in 
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8 
some cases, the load of the data conduit 232a is less than the 
maximum load and the load of the data conduit 232b is less 
than the maximum load. Further, in many implementations, 
the combined load of the data conduit 232a and the data 
conduit 232b is less than the maximum load of a single data 
conduit. In other words, it is possible to design the data 
conduit 232a and the data conduit 232b to reduce the overall 
load compared to a single data conduit that is in electrical 
communication with a die interconnect that is in electrical 
communication with at least one data port of each of the array 
dies 210. By reducing the overall load compared to the single 
data conduit, it is possible in many cases to reduce power 
consumption. Further, it is possible in many cases to maintain 
signal quality (e.g. maintain signal amplitude, maintain low 
signal distortion, etc.) while reducing power consumption. 
Advantageously, in a number of embodiments, by using mul 
tiple data conduits instead of a single data conduit, the speed 
of the memory package 200 can be increased. In some cases, 
this speed increase can include a reduced latency in accessing 
array dies 210 and/or operating the memory package 200 at a 
higher clock frequency. 

Each of the die interconnects 220 may include any type of 
conducting material. For example, the die interconnects 220 
may include copper, gold, or a conductive alloy, Such as a 
copper/silver alloy. Further, the die interconnects 220 may 
include any type of structure for enabling electrical commu 
nication between the data conduits 232 and the data ports of 
the array dies 210. For example, the die interconnects 220 
may include a wire, a conducting rod, or a conducting trace, 
to name a few. Moreover, the die interconnects 220 may use 
vias, or through-silicon vias (TSVs) to couple with or to 
electrically communicate with an array die. For instance, die 
interconnect 220a may be connected with data ports of the 
array dies 210a and 210busing vias (illustrated by the filled or 
darkened circles). Examples of TSVs which may be used with 
the present disclosure are described further in U.S. Pat. Nos. 
7,633,165 and 7,683,459. 

In addition, the die interconnects 220 may use via holes to 
pass through an array die that is not configured to be in 
electrical communication with the die interconnect. For 
instance, die interconnect 220b may pass through array dies 
210a and 210b using TSVs that do not enable electrical com 
munication between the die interconnect 220b and data ports 
of the array dies 210a and 210b (illustrated by the unfilled 
circles). In this way, the array dies 210a, 210b are not respon 
sive to the data signal beings transmitted by the die intercon 
nect 220b. However, the die interconnect 220b may be con 
nected with at least one data port of each of the array dies 210c 
and 210d using a via (illustrated by the filled or darkened 
circles). In cases where the die interconnect passes through an 
array die that is not configured to be in electrical communi 
cation with the die interconnect, the TSV may include an 
insulator or an air gap between the die interconnect and the 
array die circuitry that is large enough to prevent electrical 
communication between the die interconnect and the array 
die circuitry. In certain embodiments, the TSV for array dies 
that are configured to be in electrical communication with the 
die interconnect and for array dies that are not configured to 
be in electrical communication with the die interconnect may 
be configured the same. However, in Such cases, electrical 
connections leading from the TSV of the array dies that are 
not configured to be in electrical communication with the die 
interconnect may not exist or may be stubs. These stubs are 
not configured to provide electrical communication with the 
memory cells of the array die. 

Although FIG. 2 illustrates a single pair of data conduits 
232 corresponding to a single pair of die interconnects 220, 
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this is only to simplify the drawing figure. The memory pack 
age 200 may generally include as many additional data con 
duits and corresponding die interconnects as the number of 
bits the memory package 200 is designed or configured to 
Support per memory address. Thus, if for example, the 
memory package 200 is configured to be a 16-bit memory, the 
memory package 200 may include 16 pairs of data conduits 
232 and 16 pairs of corresponding die interconnects 220. 
Similarly, if the memory package 200 is configured as a 32- or 
64-bit memory, the memory package 200 may include 32 or 
64 pairs of data conduits 232 and 32 or 64 pairs of correspond 
ing die interconnects 220. Generally, the data conduits and die 
interconnects for each bit are configured identically. Thus, for 
the memory package 200, each data conduit is configured to 
be in electrical communication with a die interconnect that is 
configured to be in electrical communication with a pair of the 
array dies 210. However, it is possible that, in some embodi 
ments, the data conduits and die interconnects of different bits 
may be configured differently. 

In certain embodiments, the same die interconnects and the 
same corresponding data conduits may be used to transfer 
data both to and from the array dies 210. In such embodi 
ments, the die interconnects may be bi-directional. In alter 
native embodiments, separate die interconnects and corre 
sponding data conduits may be used to transfer data to the 
array dies 210 and data from the array dies 210 to the control 
die 230. Thus, such embodiments may include double the 
number of die interconnects and data conduits as embodi 
ments that use the same die interconnect to transfer data to 
and from an array die. 

In some embodiments, the control die 230 may include 
additional command/address conduits 240 and die intercon 
nects 242, which may be in electrical communication with at 
least one port of each of the array dies 210. For simplicity, 
FIG. 2 shows only a single such conduit 240 and die inter 
connect 242. The command/address conduits 240 are config 
ured to provide corresponding signals to the die interconnects 
242. These signals may be command signals, address signals, 
or may serve as both command and address signals (e.g., may 
include a memory cell address and a write command or a read 
command) either simultaneously or based on a determining 
criterion, such as the edge of a clock signal. The command die 
230 may include a command/address conduit 240 and corre 
sponding die interconnect 242 for each bit of the command/ 
address signals that the memory package 200 is configured to 
Support. The number of bits of the command/address signals 
may be the same or may be different from the number of data 
bits of the memory package 200. 

In addition, in certain embodiments, the control die 230 
may include a plurality of chip select conduits 250 (e.g., chip 
select conduits 250a-250d as shown in FIG. 2). Further, the 
control die 230 may include corresponding die interconnects 
252 (e.g., die interconnects 252a-252d) with one die inter 
connect 252 in electrical communication with one chip select 
conduit 250 and one array die 210. Each of the die intercon 
nects 252 may be in electrical communication with a different 
array die 210. For example, the die interconnect 252a may be 
in electrical communication with the array die 210a and the 
die interconnect 252b may be in electrical communication 
with the array die 210b. Each of the chip select conduits 250 
may be configured to provide a chip select signal to a corre 
sponding array die 210 via a corresponding die interconnect 
252. 

In some embodiments, the control die 230 may include 
additional drivers that are configured to drive the chip select 
signals along the die interconnects 252. Alternatively, the 
chip select signals may be driven by drivers that are external 
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10 
to the control die 230. For example, a register (not shown) that 
is part of a memory module that includes the memory package 
200 may determine the chip select signals and drive the chip 
select signals to the array dies 210. As a second example, the 
chip select signals may be provided by an MCH. In some 
embodiments, the control die 230 may determine the array die 
210 to select based on, for example, an address signal. In Such 
embodiments, the control die may generate the chip select 
signals. 

FIG. 3 schematically illustrates another example embodi 
ment of a memory package 300 in accordance with the 
present disclosure. In certain embodiments, some or all of the 
embodiments described above with respect to the memory 
package 200 may be applicable to the memory package 300. 
However, for ease of illustration and to simplify discussion, 
certain elements are omitted in FIG.3, such as the chip select 
conduits. Nevertheless, it should be understood that the 
memory package 300 can include the same or similar ele 
ments as described above with respect to the memory package 
200, including, for example, the chip select conduits. 
The memory package 300 may include a plurality of array 

dies 310 (e.g., array dies 310a-310h). In the implementation 
illustrated in FIG.3, the memory package includes eightarray 
dies. However, as stated earlier, the memory package 300 may 
include more or fewer array dies. Each of the array dies 310 
may include one or more ports (not shown) that enable elec 
trical communication between the circuitry of the array dies 
310 and one or more die interconnects 320. Each of these die 
interconnects 320 may be coupled to, or in electrical commu 
nication with at least one port of at least one of the array dies 
310. As with the memory package 200, in certain embodi 
ments, at least one of the die interconnects 320 is in electrical 
communication with at least one port from each of at least two 
array dies 310 without being in electrical communication 
with a port from at least one array die 310, which may be in 
electrical communication with a different die interconnect 
32O. 

In addition to the plurality of array dies 310, the memory 
package 300 includes a control die 330. In some embodi 
ments, the control die 330 may include a number of conduits 
332 (e.g., conduits 332a-332f). Each of these conduits 332 
may be configured to transmit a signal to a single die inter 
connect 320. 

Further, implementations of the conduits 332 may include 
one or more drivers 334 (e.g., drivers 334a-334f). Each of the 
drivers 334 may be configured to drive a signal along a cor 
responding die interconnect 320. For instance, the driver 
334a of the conduit 332a may be configured to drive a signal 
along the die interconnect 320a to one or more of the array 
dies 310a and 310b. As a second example, the driver 334b of 
the conduit 332b may be configured to drive a signal along the 
die interconnect 320b to one or more of the array dies 310c 
and 310d. Although the die interconnect 320b may pass 
through the array dies 310a and 310b, because the die inter 
connect 320b, in the example illustrated in FIG. 3, is not 
configured to be in electrical communication with the array 
dies 310a and 310b, the driver 334b does not drive the signal 
to the array dies 310a and 310b. 

In some embodiments, the signal can be a data signal, a 
command or address signal, a chip select signal, a Supply 
Voltage signal, or a ground Voltage signal, to name a few. 
Further, as the signal is not limited to a data signal, in some 
embodiments, the conduits 332 may include conduits config 
ured to provide signals other than data signals to the die 
interconnects 320. For example, the conduits may include 
conduits configured to provide a command or address signal, 
a chip select signal, a Supply Voltage signal, or a ground 
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Voltage signal to one or more die interconnects. Conse 
quently, in some embodiments, the drivers 334 may be con 
figured to drive signals other than data signals. 

Generally, the signal that each of the drivers 334 drive to 
the corresponding die interconnects 320 is from a common 5 
source. Thus, each of the drivers 334, in certain embodiments, 
is driving the same signal to each corresponding die intercon 
nect 320. 
The size of the drivers 334 is generally related to the load 

on the driver 334. In certain embodiments, the load on each 10 
driver 334 corresponds to the load of the respective conduit 
332. Although not limited as such, the load may be measured 
as a capacitive load, such as a parasitic capacitance. 
The load on each of the conduits 332 may include at least 

the loads of the die interconnect 320 with which the conduit 15 
332 is coupled or connected as well as the loads of each array 
die 310 with which the die interconnect 320 is in electrical 
communication via a port of the die interconnect 320. Thus, 
for example, the loads of the conduit 332a may include the 
loads of the die interconnect 320a, the array die 310a, and the 20 
array die 310b. Similarly, the loads of the conduit 332b may 
include the loads of the die interconnect 320b, the array die 
310c, and the array die 310d. The loads of both conduits 332a 
and 332b include a load of two array dies 310 because the 
corresponding die interconnects 320 are each configured to 25 
be in electrical communication with two array dies 310. On 
the other hand, the load of the conduit 332c, which may 
include the loads of the die interconnect 320c and the array 
die 310e, includes a load of one array die 310e because the 
corresponding die interconnect 320c is configured to be in 30 
electrical communication with only one array die 310. 
As previously described with respect to FIG.2, a load that 

would be on a conduit that was in electrical communication 
with a die interconnect that was in electrical communication 
with at least one port of each of the array dies 310 can be 35 
considered the maximum load for a conduit. This maximum 
load is the load of a conduit of a memory package that does 
not implement the teachings of this disclosure, but is used in 
accordance with conventional configurations. 

In some implementations, the difference between the loads 40 
of any pair of the conduits 332 is less than the maximum load 
for a conduit as described above. For instance, the difference 
between the load of the conduit 332a and the load of the 
conduit 332b is less than the maximum load. As a second 
example, the difference between the load of the conduit 334f 45 
and anyone of the conduits 334a334e is less than the maxi 
mum load. Thus, in Some cases, the load on each of the 
conduits 332 may be, at least partially balanced or equalized 
to reduce or minimize the difference between the load of any 
pair of the conduits 332. In some implementations, the dif- 50 
ference between the load of a pair of the conduits 332 is zero 
or Substantially Zero. In some embodiments, the length of 
each die interconnect 320, and the number of array dies 310 in 
electrical communication with each die interconnect 320 may 
be selected to maintain the difference between the load of any 55 
pair of the conduits 332 to be at or below a threshold load 
difference. 

For certain embodiments, the load of each conduit is less 
than the maximum load as described above. Thus, for 
example, the load of the conduit 332a, the load of the conduit 60 
332b, and the load of the conduit 332c are each less than the 
maximum load defined above. 

In certain embodiments, the load associated with each of 
the array dies 310 may be substantially equivalent. For 
example, the load of the array die 310a may be substantially 65 
equal to the load of the array die 310h. Thus, the load contri 
bution from the array dies 310 for a specific conduit 332 may 

12 
be measured as a multiple of the array dies that are in electri 
cal communication with a die interconnect 320 correspond 
ing to a specific conduit 332. For example, assuming that the 
load of each of the array dies 310 is L., then the contribution 
of the load from the array dies 310 to the conduit 332a would 
be 2 L because the die interconnect 320a corresponding to the 
conduit 332a is in electrical communication with two array 
dies 310, array dies 310a and 310b. In alternative embodi 
ments, the load of each of the array dies 310a may differ. For 
example, the load of array die 310a may be L and the load of 
the array die 310b may be 1.25 L. 

Similar to the array dies 310, in some embodiments, a die 
interconnect 320 can be considered to comprise a plurality of 
segments, with each segment of a die interconnect 320 con 
tributing a substantially equivalent load to the load of the die 
interconnect 320. In this case, the segment of the die inter 
connect 320 may refer to the portion of the die interconnect 
between two Successive or adjacent dies (array die-to-array 
die, master die-to-array die, or both) along the die intercon 
nect 320. Further, the segment may be defined as a portion of 
the die interconnect 320 between the dies exclusive of a 
portion of the dies. For example, one segment of the die 
interconnect 320a may extend from the top of the array die 
310a to the bottom of the array die 310b. Alternatively, the 
segment may be defined to include at least a portion of at least 
one of the array dies 310. For example, one segment of the die 
interconnect 320a may extend from the center of array die 
310a to the center of array die 310b. As a second example, one 
segment of the die interconnect 320a may extend from the top 
of the control die 330 to the top of the array die 310a, and 
therefore may include a portion of the die interconnect 320a 
extending from the bottom of the array die 310a to the top of 
the array die 310a. In some implementations, the segments 
are substantially equal in length to each other. Moreover, the 
load contribution of each segment may be substantially equal 
to each other. Alternatively, the segments may be unequal in 
length and/or may each contribute a different load to the total 
load of a die interconnect 320. Further, in some cases, the load 
contribution of a segment of the die interconnect 320 that is in 
electrical communication with a port of an array die 310 may 
differ from the load contribution of a segment of the die 
interconnect 320 that is not in electrical communication with 
a port of an array die 310. 

In some cases, the load contribution of each segment of the 
die interconnect 320 may be measured as a fraction of the load 
contribution from an array die 310. For example, the load of 
one segment of the die interconnect 320a may be equivalent 
to one quarter of the load of an array die 310. Thus, for 
example, the load of the conduit 332a may be 2.5 L assuming 
a load contribution of L per array die 310 (two in this case) in 
electrical communication with the die interconnect 320a and 
a load contribution of 0.25L per segment (two in this case) of 
the die interconnect 320a. As a second example, the load of 
the conduit 332fmay be 3 Lassuming the same load values as 
the previous example and a load contribution from one array 
die 310h and eight die interconnect 320f segments. Table 1 
specifies the capacitive load values for each conduit 332 
assuming, as with the previous two examples, that the load of 
each of the array dies 310 is L., and that the load of each 
segment of the die interconnects 320 is 0.25 L. Table 1 also 
specifies the deviation in load from the conduits having the 
highest load value, which in this example are conduits 332b 
and 332f. 
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TABLE 1. 

Number of 
Number of Die Interconnect Capacitive Deviation from 

Conduit Array Dies Segments Load Maximum Load 

3.32a 2 2 2.5 L O.S 
332b 2 4 3L O 
332c 1 5 2.25 L 0.75 
332d 1 6 2.5 L O.S 
332e 1 7 2.75 L O.25 
332f 1 8 3L O 

As can be seen from Table 1, the maximum load of any 
conduit 332, using the example values previously described, 
is 3 L, or rather three times the load of a single array die 310. 
Assuming the same example values, the load of a conduit in 
electrical communication with a die interconnect that itself is 
in electrical communication with each array die 310 would be 
10 L. Thus, certain embodiments of the present disclosure 
enable a reduction in the load of the conduits 332. Conse 
quently, in some embodiments, the drivers 334 may each be 
Smaller than a single driver that is configured to drive a signal 
from a conduit along a single die interconnect that is in 
electrical communication with a port from each of the array 
dies 310. Moreover, the drivers 334 may include smaller 
transistor sizes than a single driver that is configured to drive 
a signal to each of the array dies 110. 
As can be seen from Table 1, conduits 332b and 332f have 

the largest capacitive load of the group of conduits, which is 
3 L. Conduit 332 has the smallest capacitive load of the group 
of conduits, which is 2.25 L and which is a deviation of only 
0.75 from the maximum load. Thus, in some embodiments, 
each of the drivers 334 may be substantially similar in size. In 
certain implementations, the drivers 334 may vary in size 
based on the total capacitive load on each conduit 332. Thus, 
the driver 334fmay be larger than the driver 334e. Alterna 
tively, each driver 334 may be substantially equal and may be 
configured based on the drivers 334 with the largest load, 
which are drivers 334b and 334f in the example illustrated in 
FIG. 3 and Table 1. 

In some embodiments, the capacitive load of each conduit 
332 or driver 334 can be calculated using formula (1). 

In formula (1), CL represents the capacitive load of a 
conduit 332 or driver 334, AD represents the number of array 
dies 310 in electrical communication with a die interconnect 
320 that is in electrical communication with the conduit 332 
and/or driver 334, 8 represents the number of die interconnect 
segments of the die interconnect 320, and M represents the 
ratio of the load of an array die 310 to the load of a segment of 
a die interconnect 320. Thus, using formula (1) and the 
example values described above, the load of the driver 332a, 
for example, can be calculated with the following values: 
AD-2, for two array dies 310: 8–2, for the two segments of 
the die interconnect 320a; and M=4, for the ratio of the load 
of an array die 310, L, to the load of a segment of the die 
interconnect 320a, 0.25 L. Therefore, as can be seen from 
Table 1, the capacitive load of the driver 332a is 2.5 L where 
L is the load of a single array die. 

In some cases, the load on each conduit 332 and/or driver 
334 may be evenly balanced. In other words, the load on each 
conduit 332 and/or driver 334 may be substantially the same. 
To achieve a balanced load, each of the conduits 332 may be 
in electrical communication with a combination of array dies 
310 and die interconnect 320 segments that results in a load 
that is substantially equivalent to the loads of the other con 
duits 332. In certain embodiments, the load of the conduits 
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332 is balanced despite each conduit 332 being in electrical 
communication with a different subset of the array dies 310. 
However, in alternative embodiments, the load of each con 
duit 332 and/or driver 334 may differ. This difference in the 
load of the conduits 332 and/or drivers 334 may be a design 
decision (e.g. to maintain a specific number of drivers). Alter 
natively, or in addition, the load difference between conduits 
332 and/or drivers 334 may occur because the loads of the 
array dies 310 and the die interconnect segments 320 do not 
allow for perfect or substantially even load balancing. 
As previously stated, in Some embodiments the loads of the 

conduits 332 and/or drivers 334 may be balanced to minimize 
the difference between any pair of conduits 332 and/or drivers 
334. For example, as illustrated in FIG.3, a driver in electrical 
communication with a longer die interconnect, which may 
consequently include more die interconnect segments, is 
likely to obtain a larger load contribution from the die inter 
connect than a driver in electrical communication with a 
shorter die interconnect (e.g., compare driver 334f to 334a). 
Thus, the driver in electrical communication with the longer 
die interconnect may be in electrical communication with 
fewer array dies than the driver in electrical communication 
with the shorter die interconnect (e.g. compare driver 334f to 
334a). The selection of die interconnect length and the selec 
tion of array dies to place in electrical communication with 
the die interconnects may therefore be dependent on the load 
of each segment of the die interconnects 320 and the loads of 
the array dies 310. 

Alternatively, or in addition, the loads of the conduits 332 
and/or drivers 334 may be balanced to reduce the maximum 
load of each conduit 332 and/or driver 334. Further, in some 
embodiments, the maximum load of each conduit 332 and/or 
driver 334 may be reduced to maintain the load of each 
conduit 332 and/or driver 334 to be at or below a threshold 
load difference. 

Although not illustrated in FIG.3, each of the conduits 332 
may include one or more additional drivers configured to 
drive a signal received from an array die via a corresponding 
die interconnect 320. The additional drivers may drive the 
signal to a processor, a register, a latch, or any other compo 
nent or device that mayor may not be part of a memory 
module that includes the memory package 300. In some 
implementations, one or more of the die interconnects 320 are 
configured to be bi-directional, thereby enabling a signal to be 
driven to the array dies 310 via the die interconnect 320, and 
to enable a signal received from the array dies 310 along the 
same die interconnect 320 to be transmitted to a correspond 
ing conduit 332 of the control die 330. Alternatively, the 
memory package 300 comprises one or more die intercon 
nects 320 that are configured to enable a signal to be driven to 
the array dies 310 without enabling a signal to be received 
from the array dies 310 (e.g., the die interconnects 320 may 
not be bidirectional). In certain embodiments where one or 
more of the die interconnects 320 are not bi-directional, the 
memory package 300 may include additional die intercon 
nects (not shown) that are in electrical communication with 
the one or more additional conduits or drivers and that are 
configured to enable a signal from the array dies 310 to be 
transmitted to the one or more additional conduits or drivers. 

In addition to the drivers 334 of the control die 330, the 
memory package 300 may include one or more pre-drivers 
340. A pre-driver 340, shown schematically in FIG.3, may be 
large enough to drive a signal (e.g., a data signal) to any of the 
drivers 332 and subsequently, to any of the array dies 310. 
Thus, using the same example values as described above in 
relation to Table 1, a load of the pre-driver 340 may be at least 
101, which is the load of a conduit in electrical communica 
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tion with a die interconnect that is in electrical communica 
tion with a port from each of the array dies 310. In some 
embodiments, the memory package 300 may include any 
number of additional drivers and/or latches for buffering and/ 
or driving the signal to any of the array dies 310. 5 

Just as the memory package 300 may include a pre-driver 
340 for providing a signal to the conduits 332, the memory 
package 300 may include a post-driver (not shown) for driv 
ing an output signal from the control die 330. This post-driver 
may drive the output signal to additional latches and/or driv 
ers. In some embodiments, the post-driver may drive the 
signal from the memory package 300 to a bus or other elec 
trical path that is in electrical communication with the 
memory package 300. 

FIG. 4 illustrates an example embodiment of a driver struc 
ture 400 of a control die (e.g. control die 230) in accordance 
with the present disclosure. The driver structure 400 is con 
figured for a single data bit. Thus, a control die for a 32-bit 
memory package will generally include at least 32 instances 20 
of the driver structure 400, one per bit. In some embodiments, 
the control die 230 may include the driver structure 400 in 
place of the combination of drivers 232a and 232b. Similarly, 
in certain embodiments, the control die 330 may include a 
structure similar to the driver structure 400 in place of the 25 
drivers 334. In such embodiments, the driver structure 400 
would be modified to enable a signal (e.g., data signal) to be 
driven to the six conduits 332. 
The driver structure 400 can include an input/output port 

402 configured to receive or send a signal. Such as a data 30 
signal. Signals received at the input/output port 402 can be 
provided to the drivers 404a and 404b. In turn, these drivers 
404a and 404b can drive the signal to conduits 406a and 406b 
respectively, which are in electrical communication with cor 
responding die interconnects. Each of the die interconnects 35 
may be in electrical communication with different array dies 
in accordance with certain embodiments described herein. 

In some embodiments, the driver structure 400 is bi-direc 
tional. In such embodiments, operation of the drivers 404a 
and 404b, and 408a and 408b may be controlled or enabled by 40 
a control signal (e.g., a directional control signal). This con 
trol signal, in Some cases, may correspond to one or more of 
a command/address signal (e.g., read/write) and a chip select 
signal. In some implementations, the drivers 404a and 404b 
may drive a signal to the array die corresponding to the chip 45 
select signal, and not to array dies that do not correspond to a 
chip select signal. For example, Suppose the conduit 406a is 
in electrical communication with array dies one and two (not 
shown), and that the conduit 406b is in electrical communi 
cation with array dies three and four (not shown). If a chip 50 
select signal is received corresponding to array die two, then 
in some implementations, driver 404a may be configured to 
drive a signal along a die interconnect in electrical commu 
nication with the conduit 406a to array die one and two. In this 
example, the driver 404b would not drive the signal because 55 
the chip select signal does not correspond to either array die 
three or array die four. 

In some embodiments, the drivers 404a and 404b may 
drive a signal to all of the array dies. For example, assume the 
memory package that includes the driver structure 400 also 60 
includes four array dies. If the die interconnect in electrical 
communication with the conduit 406a is in electrical com 
munication with two of the array dies, and if the die intercon 
nect in electrical communication with the conduit 406b is in 
electrical communication with the other two array dies, then 65 
the drivers 404a and 404b may drive a signal to all four of the 
array dies of this example. 
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Similar to the input/output port 402, the conduits 406a and 

406b can be configured to receive a signal from the die inter 
connects that are in electrical communication with the con 
duits 406a and 406b. In turn, the signal received at one of the 
conduits 406a and 406b can be provided to drivers 408a and 
408b respectively. The drivers 408a and 408b can each be 
configured to drive a signal received from a respective data 
conduit 406a and 406b to the input/output port 402 and to 
another component that may be in electrical communication 
with the input/output port 402, such as a MCH. 

In some embodiments, one or more chip selects, as illus 
trated in FIG. 2, may be used to select, determine, or enable 
the array die that communicates the signal to or from one or 
more of the conduits 406a and 406b and the drivers 408a and 
408b. Similarly, in some embodiments, the chip select may 
select, determine, or enable the array die to receive and/or 
respond to the signal driven by the drivers 404a and 404b to 
the array dies. 

It should be noted that the driver structure 400 is a non 
limiting example for arranging drivers in a control die. Other 
driver structures are possible. For example, instead of the 
drivers 404a and 408a being in electrical communication 
with the same conduit 406a, each of the drivers 404a and 
408a can be in electrical communication with a separate 
conduit and consequently a separate die interconnect. In Such 
an example, the drivers 404a and 408a may still be in elec 
trical communication with the same input/output port 402, or 
each driver may be in electrical communication with a sepa 
rate port, the driver 404a in electrical communication with an 
input port, and the driver 408a in communication with an 
output port. 

FIG. 5 presents a flowchart for an example embodiment of 
a load optimization process 500. In certain embodiments, the 
load optimization process 500 may be performed, at least in 
part, by one or more computing systems. Further, the process 
500, in some embodiments, may be used to optimize one or 
more loads in a memory package (e.g. memory package 200 
or memory package 300). Optimizing the loads in the 
memory package can include optimizing the load on one or 
more conduits and/or drivers. As previously described with 
respect to FIGS. 2 and 3, the memory package can include a 
plurality of array dies, a plurality of die interconnects, and a 
control die. Furthermore, the control die can include a plural 
ity of drivers, each of which may be configured to drive a 
signal along a die interconnect. 

In some implementations, the process 500 can comprise 
selecting a first Subset of array dies and a second Subset of 
array dies from a plurality of array dies (e.g., array dies 310), 
as shown in operational block 502. Generally, the first subset 
of array dies and the second Subset of array dies may be 
exclusive of one another. Thus, the first subset of array dies 
does not include any array dies from the second Subset of 
array dies and vice versa. However, in Some cases there may 
be some overlap between the first subset of array dies and the 
second Subset of array dies. Further, in some cases, at least 
one of the Subsets of array dies includes more than one array 
die. For instance, the first subset of array dies may include two 
array dies, and the second Subset of array dies may include 
one array die, which, depending on the embodiment, mayor 
may not be included in the first subset of array dies. 

Further, the first subset of array dies and the second subset 
of array dies may be selected to balance a load on a first driver 
and a load on a second driver based, at least in part, on the 
loads of the array dies 310 and on the loads of the die inter 
connect segments from a first and a second die interconnect. 
The first die interconnect may be in electrical communication 
with the first driver and the second die interconnect may be in 
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electrical communication with the second driver. In some 
embodiments, the first subset of array dies and the second 
subset of array dies are selected to balance a load on a first 
conduit and a load on a second conduit. The load on each 
driver and/or conduit may be calculated using formula (1) as 
previously described above. In some embodiments, the first 
Subset of array dies and the second Subset of array dies may be 
selected to balance a load on a first driver and a load on a 
second driver based, at least in part, on the loads of the array 
dies 310 without considering the loads of the die interconnect 
segments from the first die interconnect and the second die 
interconnect. 
The process 500 further comprises forming electrical con 

nections between the first die interconnect and the first subset 
of array dies in an operational block 504. The process 500 
further comprises forming electrical connections between the 
second die interconnect and the second Subset of array dies in 
an operational block 506. Forming the electrical connections 
places the die interconnects in electrical communication with 
the respective Subsets of array dies. In some embodiments, 
forming the electrical connections can comprise forming 
electrical connections between the die interconnects and at 
least one port from each array die of the respective subsets of 
array dies. 
The process 500 further comprises selecting a driver size 

for a first driver at block 508 and selecting a driversize for a 
second driver at block 510. Selecting the driver size can be 
based, at least in part, on the calculated load on the driver. 
Generally, the greater the load on the driver, the larger the 
driver is selected to drive a signal along, for example, a die 
interconnect. The size of the driver may be adjusted by the 
selection of the transistor size and/or number of transistors 
included in the driver. A larger driver often consumes more 
power than a smaller driver. Thus, in certain embodiments, 
balancing the loads on the drivers to reduce the load on each 
driver can reduce the power consumption of a memory pack 
age. 

In some embodiments, the size of the first driver and the 
size of the second driver are both less than the size sufficient 
for a driver to drive a signal along a die interconnect to each 
of the array dies 310 (e.g., with less than a predetermined or 
threshold signal degradation). The threshold signal degrada 
tion can be based on anyone or more characteristics of a 
signal. For example, the threshold signal degradation can be 
based on the amplitude of the signal, the frequency of the 
signal, the noise distortion included in or introduced into the 
signal, or the shape of the signal, to name a few. 
The process 500 further comprises forming electrical con 

nections between the first die interconnect and the first driver 
in an operational block512. Similarly, the process 500 further 
comprises forming electrical connections between the second 
die interconnect and the second driver in an operational block 
514. Forming the electrical connections places the die inter 
connects in electrical communication with the respective 
drivers. In some embodiments, forming the electrical connec 
tions can comprise forming electrical connections between 
the die interconnects and a data conduit that includes the 
respective driver. 

Advantageously, certain embodiments of the present dis 
closure reduce the load on each conduit and on each corre 
sponding driver. In certain embodiments, reducing the load 
on a driver may increase the speed of data transfer between 
the array dies and other components in a computer system 
(e.g. a MCH or a processor). Further, reducing the load on a 
driver may result in reduced power consumption by the driver 
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and consequently, by the memory package. In addition, cer 
tain embodiments of the present disclosure may minimize 
current Switching noise. 
Operational Modes 
A proposed three-dimensional stacking (3DS) standard for 

dual in-line memory modules (DIMMs) being considered by 
the Joint Electron Devices Engineering Council (JEDEC) 
addresses three major shortcomings in the current JEDEC 
registered DIMM (RDIMM) and JEDEC load reduced 
DIMM (LRDIMM) standards (an example LRDIMM struc 
ture 600 is schematically illustrated in FIG. 6A). These short 
comings include: a) The DIMM density limitation due to the 
fixed number of chip-select signals received by the DIMM 
from the system memory controller. b) The performance loss 
due to the increased load on the data bus as the DIMM density 
(e.g., the number of DRAM devices and number of ranks) 
increases, c) The upper bound of the DIMM density due to the 
physical DIMM form factor. 

Further, the LRDIMM structure 600 may have timing 
issues due to signals passing through a single memory buffer 
601. In addition, the increased size of the data path of the 
LRDIMM architecture 600, compared to the HCDIMM 
architecture 602, an example of which is schematically illus 
trated in FIG. 68, may result in more latency and signal 
integrity issues. 

FIG. 7 schematically illustrates an example memory mod 
ule 700 that has previously been proposed for the 3DS-DIMM 
standard. The proposed 3DS Dual In-line Memory Module 
(3DS-DIMM) schematically illustrated in FIG. 7 attempts to 
address the above shortcomings using two components, a 
3DS register 712 and a controller die 722. In some implemen 
tations, the 3DS-DIMM 700 includes the 3DS register 712 
(also known as an enhanced DDR3 register). The 3DS regis 
ter 712 may include a DDR3 JEDEC standard register with a 
“rank multiplication’ circuit, which increases the number of 
the output chip-select signals for selecting an array die 710 by 
decoding one or more higher-order row or column address 
bits with the incoming chip-select signals from the system 
controller. The 3DS Register 712 can also include a com 
mand/address buffer, a register operational code buffer (RC 
word buffer), and rank multiplication logic (e.g., Supporting 
rank multiplication of 1-to-2, 1-to-4, and/or 1-to-8). The 3DS 
register addresses shortcoming (a) of the JEDEC RDIMM 
and LRDIMM listed above. 

Another component of the proposed 3DS-DIMM is a 3DS 
dynamic random-access memory (DRAM) package 720. The 
3DSDRAM package 720 includes a plurality of stacked DDR 
DRAM chips 724 or array dies. The 3DSDRAM package 720 
has a data I/O load that is equivalent to the data I/O load of a 
single-die DRAM package, regardless of the actual number 
of DRAM dies in the 3DS DRAM package 720. The 3DS 
DRAM package 720 may comprise a plurality of array dies 
(e.g., 2, 4 or 8 DDR DRAM dies) and a controller die 722.The 
controller die 722 may include data buffers, a datapath timing 
controller, a secondary command/address buffer, a program 
mable secondary 1-to-2 rank decoder, and a data path signal 
(e.g., DDT. DDT, RTT) controller. Examples of such memory 
packages include HMC. The 3DS DRAM package 720 
addresses the shortcomings (b) and (c) of the JEDEC 
RDIMM and LRDIMM listed above. However, there are 
deficiencies in the proposed 3DS-DIMM standard as 
described below. 
The JEDEC DDR3 RDIMM standard contains two major 

components: a DDR3 register and a plurality of DRAM pack 
ages each comprising one or more DRAM chips or dies. The 
DDR3 register serves as a command/address signal buffer 
and as a command/control decoder. This DDR3 register holds 
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a set of register control (RC) words, which a computer system 
configures to ensure the proper operation of the RDIMM. The 
DDR3 register contains a phase-lock-loop (PLL), which 
functions as a clock synchronizer for each RDIMM. The 
DDR3 register outputs a set of buffered command/address 
signals to all the DRAM packages on the RDIMM, but the 
data signals are directly fed to the DRAM packages from the 
system memory controller. 

In contrast to the JEDEC DDR3 RDIMM standard, the 
3DS-DIMM proposal requires the DRAM package 720 to 
include the controller die 722 that controls all data paths 
timing and operations. This arrangement of the DRAM pack 
age reduces the load on the data bus, however, it presents three 
significant shortcomings: 1) The command/address buffer in 
the 3DSDRAM package introduces clock cycle latency since 
it needs to provide clock synchronous operation to the DRAM 
dies in the package. 2) The data path control circuit (e.g., 
DDT, read/write data direction) in the control die becomes 
very complicated to Support semi-synchronous (flyby) data 
path control among all 3DS DRAM packages that are on a 
DIMM. 3) The variations in the DRAM die timing character 
istics within each 3DS DRAM package would be likely to 
require resynchronization of the data signals during the read/ 
write operations, which increases the read/write latency and 
the read-to-write and write-to-read turn around time. 

The 3DS-DIMM proposal can also be compared to the 
HyperCloudTM (HC) DIMM architecture of Netlist, Inc. An 
example of the HCDIMM architecture 602 is illustrated in 
FIG. 68. Further details and embodiments of the HCDIMM 
architecture is disclosed in U.S. Pat. Nos. 7,289,386, 7,532, 
537, 7,619,912, and 7,636.274, each of which is incorporated 
in its entirety by reference herein. One of the maintopological 
differences between the 3DS-DIMM and HCDIMM archi 
tectures is that while the 3DS-DIMM architecture uses a 
control die 722 to buffer the data signals and to decode com 
mand/address signals from the 3DS register, certain configu 
rations of the HCDIMM architecture include a plurality of 
isolation devices (ID), each of which includes data buffers, 
but no decoding capability. Unlike the HCDIMM architec 
ture, since the command/address signal needs to pass through 
the control die 722 in the 3DS DRAM package 720, the 
3DSDIMM proposal presents the same shortcoming (b) of 
the controller die described above. The data path control 
signals are generated by the register device (RD) 612 in the 
HCDIMM architecture 602, while the data path control sig 
nals are generated by the control die 722 in the 3DS DRAM. 
This aspect of the 3DS-DIMM architecture creates timing 
critical control paths in 3DS-DIMM architecture. 

In certain embodiments described herein, a memory mod 
ule architecture is proposed that includes a set of device 
components that support JEDEC 3DS operation with the 
benefit of RDIMM and HCDIMM architectures (see, e.g., 
FIG. 8). This set of device components may comprise two 
components: a register device 812 (RD), which in some 
embodiments may be the same or similar RD component as 
used in HCDIMMarchitectures, and a plurality of array dies 
824, such as a DDR DRAM Stack Package (DDSP). The 
DDSP may comprise a DRAM control die that can include 
command/address buffers and a data path control circuit. 
Certain embodiments of the architecture described herein 
differs from the 3DS-DIMMarchitecture in that instead of the 
controller die of the 3DS-DIMM (which provides a second 
ary address buffer, and a second rank multiplication decoder), 
certain embodiments described herein use an "ID+” die as a 
control die 822, which can provide both selective isolation 
and address pass-through. Selective isolation refers generally 
to a driver corresponding to an array die driving a signal to the 
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array die in response to a corresponding chip select signal 
while additional drivers corresponding to additional array 
dies maintain a previous state (e.g. do not drive the signal). 
For example, assuming that the memory package 300 imple 
ments selective isolation, ifa chip select signal is received that 
corresponds to a selection of array die 310b, then the driver 
334a will drive a signal along the die interconnect320a to the 
array die 310b, and the remaining drivers (e.g., drivers 334b 
334f) will maintain their state (e.g., not drive the signal). 
Address pass-through is described in further detail below. 
The data path control circuit of certain embodiments may 

have at least two operational modes: mode-C(HCDIMM/ 
RDIMM Compatible mode) and mode-3DS (3DS DIMM 
compatible mode). In mode-C, the array dies 824 (e.g. a 
DDSP) receive the data path control signals from the register 
device 812, which can be configured to control a command/ 
address time slot and a data bus time slot. In mode-3DS, the 
control die 822 internally generates the data path control 
signals to ensure the proper operation of the data path. 
The control die 822 of certain embodiments enables the 

memory module 800 to work as either a 3DS-DIMM, a 
RDIMM, or a HCDIMM. However, the memory module 800 
may comprise a set of optional control input pins (in addition 
to the package pins that are included in 3DS-DRAM pack 
ages) which in mode-C receive the data path control signals 
from the register device 812. 
As previously mentioned, FIG. 8 schematically illustrates 

an example embodiment of a memory module architecture 
800 in accordance with the present disclosure. Advanta 
geously, certain embodiments of the memory module archi 
tecture 800 address the shortcomings described above with 
out adding complexity or latency, and without causing 
performance loss. The memory module architecture 800 
includes a memory control hub 802 (also known as a memory 
controller hub, a memory control handler, or a northbridge) 
and a memory module 810. As schematically illustrated in 
FIG. 8, the memory control hub 802 may communicate 
directly with one or more components of the memory module 
810. Alternatively, the memory control hub 802 may commu 
nicate with one or more intermediary system components 
(not shown), which in turn communicate with one or more 
components of the memory module 810. In some embodi 
ments, the memory control hub 802 may be integrated with 
another component of the computer system, such as a Central 
Processing Unit (CPU). 

Further, in some embodiments, the memory control hub 
802 may communicate with one or more memory modules. 
Each of the memory modules may be similar or substantially 
similar to the memory module 810. Alternatively, some of the 
memory modules may differ from memory module 810 in 
configuration, type, or both. For example, Some of the 
memory modules may be capable of operating at different 
frequencies, may include a different amount of storage capa 
bility, or may be configured for different purposes (e.g. graph 
ics versus nongraphics memory). Although in some cases a 
system may include memory modules capable of operating at 
different frequencies, each memory module may be config 
ured to operate at the same frequency when used in a specific 
device. In certain implementations, the memory control hub 
802 may set the operating frequency for the one or more 
memory modules. 
The memory module 810 may include a register device 

812, which is configured to receive command, address, or 
command and address signals from the memory control hub 
802. For the purpose of simplifying discussion, and not to 
limit these signals, the signals will be referred to herein as 
command/address signals. 
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In some embodiments, the register device 812 receives the 
command/address signals via a command/address bus 814. 
The command/address bus 814, although illustrated as a 
single line, may include as many lines or signal conduits as 
the number of bits of the command/address signal. 

Further, the register device 812 may generate data path 
control signals, which can be provided to a control die 822, or 
isolation device, of a memory package 820 via one or more 
data path control lines 816. In certain embodiments, the con 
trol dies 822 can include some or all of the embodiments 
described above with respect to the control dies 230 and 330. 
Moreover, in certain embodiments, the memory packages 
820 can include some or all of the embodiments described 
above with respect to the memory package 200 and 300. In 
general, the memory module 812 may include one or more 
memory packages 820. 

In certain embodiments, each control die 822, or isolation 
device, may be capable of address pass-through. Address 
pass-through, in some cases, enables the control die 822 to 
provide an address signal to one or more array dies 824 
without decoding the address signal. This is possible, in some 
implementations, because the address signal received by the 
control die 822 is not encoded. 
Some implementations of the control dies 822 include a 

plurality of command/address buffers (not shown). These 
buffers may comprise latches. In certain embodiments, the 
buffers are configured to hold command/address signals to 
control the timing of command/address signals. In some 
cases, controlling the timing of the command/address signals 
may reduce or slow signal degradation. In some implemen 
tations, the control dies 822 include a plurality of data buffers, 
which may control the timing of data signals to reduce or slow 
signal degradation. Further, the control dies 822 may include 
a data path control circuit (not shown) that is configured to 
control command/address time slots and data bus time slots. 
Controlling the command/address time slots and the data bus 
time slots enables the control dies 822 to reduce or prevent 
signal collisions caused by multiple memory packages 820 
sharing the data path control lines 816 and the data bus 818. In 
Some implementations, the data path control circuit may be 
separate from the control die 822. 

Each of the control dies 822 may be configured to receive 
data signals from the memory control hub 802 via the data bus 
818. Further, the control dies 822 may provide data signals to 
the memory control hub 802 via the data bus 818. The control 
dies 822 may also receive data path control signals and/or 
command/address signals from the register device 812 via the 
data path control lines 816. 
As illustrated in FIG. 8, each memory package 820 may 

include one or more array dies 824 operatively coupled to the 
control die 822. The array dies 824 may be configured to 
receive data signals from the control die 822. As with the 
array dies 210 and 310, the array dies 824 may include any 
type of Random Access Memory (RAM) die. For example, 
the array dies 824 may include DDR DRAM, SDRAM, flash 
memory, or SRAM, to name a few. Further, if the memory 
module 810 is utilized for graphics, the array dies 824 may 
include GDDR SDRAM or any other type of graphics 
memory. In addition, the array dies 824 may be configured in 
a stack arrangement as illustrated in FIG.8. Alternatively, the 
array dies 824 may be arranged in a planar configuration or a 
hybrid configuration utilizing both a planar and a stack 
arrangement. 

In some embodiments, the memory module 810 is selec 
tively configurable into two operational modes. In the first 
operational mode, the register device 812 generates data path 
control signals provided to the control dies 822 via the data 
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path control lines 816. The control dies 822 may decode 
command/address signals included with the data path control 
signals generated by the register device 812. In some imple 
mentations, the control dies 822 use the data path control 
signals to operate the data path control circuits of the control 
dies 822. 

In the second operational mode, the control dies 822 may 
operate the data path control circuits to provide command/ 
address signals to the array dies 824 without decoding the 
command/address signals. In this mode, the control dies 822 
may use address pass-through to provide received address 
signals to the array dies 824. 

Other operational modes may also be possible. In some 
embodiments, the data path control signals generated by the 
register device 812 may include decoded command/address 
signals that are decoded from command/address signals 
received from the memory control hub 802 via the command/ 
address bus 814. 

In some embodiments, the register device 812 may be 
configured to perform rank multiplication. In addition, or 
alternatively, the control dies 822 may be configured to per 
form rank multiplication. Embodiments of rank multiplica 
tion are described in greater detail in U.S. Pat. Nos. 7,289.386 
and 7.532,537, each of which are incorporated in their 
entirety by reference herein. In Such embodiments, the regis 
ter device 812 can generate additional chip select signals that 
are provided to the array dies 824. For instance, if the memory 
control hub 802 is configured to recognize a single array die 
824 per memory package 820, but there exists four array dies 
824 per memory package 820, the memory control hub 802 
may not provide the correct number of chip select signals to 
access a specific memory location of the plurality of array 
dies 824 is memory package 820. Thus, to access the specific 
memory location, the register device 812 can determine the 
array die that includes the specific memory location to be 
accessed based on the command/address signals received 
from the memory control hub 802 and can generate the cor 
rect chip select signal to access the array die that includes the 
specific memory location. In certain embodiments, when the 
memory module 810 is operating in the second operation 
module as described above, the memory module 810 does not 
perform rank multiplication. 

TERMINOLOGY 

Unless the context clearly requires otherwise, throughout 
the description and the claims, the words "comprise.” “com 
prising.” and the like are to be construed in an inclusive sense, 
as opposed to an exclusive or exhaustive sense; that is to say, 
in the sense of “including, but not limited to.” The term 
“coupled' is used to refer to the connection between two 
elements, the term refers to two or more elements that may be 
either directly connected, or connected by way of one or more 
intermediate elements. Additionally, the words “herein.” 
“above.” “below, and words of similar import, when used in 
this application, shall refer to this application as a whole and 
not to any particular portions of this application. Where the 
context permits, words in the above Detailed Description 
using the singular or plural number may also include the 
plural or singular number respectively. The word 'or' in 
reference to a list of two or more items covers all of the 
following interpretations of the word: any of the items in the 
list, all of the items in the list, and any combination of the 
items in the list. 
The above detailed description of embodiments of the 

invention is not intended to be exhaustive or to limit the 
invention to the precise form disclosed above. While specific 
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embodiments of, and examples for, the invention are 
described above for illustrative purposes, various equivalent 
modifications are possible within the scope of the invention, 
as those skilled in the relevant art will recognize. For 
example, while processes or blocks are presented in a given 
order, alternative embodiments may perform routines having 
steps, or employ systems having blocks, in a different order, 
and some processes or blocks may be deleted, moved, added, 
subdivided, combined, and/or modified. Each of these pro 
cesses or blocks may be implemented in a variety of different 
ways. Also, while processes or blocks are at times shown as 
being performed in series, these processes or blocks may 
instead be performed in parallel, or may be performed at 
different times. 
The teachings of the invention provided herein can be 

applied to other systems, not necessarily the system described 
above. The elements and acts of the various embodiments 
described above can be combined to provide further embodi 
mentS. 

Conditional language used herein, such as, among others, 
“can.” “might.” “may.” “e.g. and the like, unless specifically 
stated otherwise, or otherwise understood within the context 
as used, is generally intended to convey that certain embodi 
ments include, while other embodiments do not include, cer 
tain features, elements and/or states. Thus, such conditional 
language is not generally intended to imply that features, 
elements and/or states are in any way required for one or more 
embodiments or that one or more embodiments necessarily 
include logic for deciding, with or without author input or 
prompting, whether these features, elements and/or states are 
included or are to be performed in any particular embodi 
ment. 
While certain embodiments of the inventions have been 

described, these embodiments have been presented by way of 
example only, and are not intended to limit the scope of the 
disclosure. Indeed, the novel methods and systems described 
herein may be embodied in a variety of other forms; further 
more, various omissions, Substitutions and changes in the 
form of the methods and systems described herein may be 
made without departing from the spirit of the disclosure. The 
accompanying claims and their equivalents are intended to 
cover such forms or modifications as would fall within the 
Scope and spirit of the disclosure. 

What is claimed is: 
1. A memory package, comprising: 
data terminals and control terminals; 
stacked array dies including a first group of array dies and 

a second group of at least one array die; 
first die interconnects and second die interconnects, the 

first die interconnects in electrical communication with 
the first group of array dies and not in electrical commu 
nication with the second group of at least one array die, 
the second die interconnects in electrical communica 
tion with the second group of at least one array die and 
not in electrical communication with the first group of 
array dies; and 

a control die comprising first data conduits between the 
first die interconnects and the data terminals, and second 
data conduits between the second die interconnects and 
the data terminals, the first data conduit including first 
drivers each having a first driver size and configured to 
drive a data signal from a corresponding data terminal to 
the first group of array dies, the second data conduit 
including second drivers each having a second driver 
size and configured to drive a data signal from a corre 
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sponding data terminal to the second group of at least 
one array die, the second driversize being different from 
the first driver size. 

2. The memory package of claim 1, wherein the second die 
interconnects are longer than the first die interconnects, and 
wherein the second driver size is larger than the first driver 
size. 

3. The memory package of claim 1, wherein the second die 
interconnects are longer than the first die interconnects, and 
wherein a number of array dies in the second group of at least 
one array die is less than a number of array dies in the first 
group of array dies. 

4. The memory package of claim 1, wherein the first driver 
size and the second driversize are related to a load on the first 
driver and a load on the second driver. 

5. The memory package of claim 1, wherein the control die 
further comprises a control circuit to control respective states 
of the first data conduits and the second data conduits in 
response to control signals received via the control terminals. 

6. A memory package, comprising: 
data terminals and control terminals; 
stacked array dies including a first group of array dies and 

a second group of at least one array die; 
first die interconnects and second die interconnects, the 

first die interconnects in electrical communication with 
the first group of array dies and not in electrical commu 
nication with the second group of at least one array die, 
the second die interconnects in electrical communica 
tion with the second group of at least one array die and 
not in electrical communication with the first group of 
array dies; and 

wherein the second die interconnects are longer than the 
first die interconnects, and wherein a number of array 
dies in the second group of at least one array die is less 
than a number of array dies in the first group of array 
dies. 

7. The memory package of claim 6, further comprising: 
a control die comprising first data conduits between the 

first die interconnects and the data terminals, and second 
data conduits between the second die interconnects and 
the data terminals, the first data conduits including first 
drivers each having a first driver size and configured to 
drive a data signal from a corresponding data terminal to 
the first group of array dies, the second data conduit 
including second drivers each having a second driver 
size and configured to drive a data signal from a corre 
sponding data terminal to the second group of at least 
one array die, the second driversize being different from 
the first driver size. 

8. The memory package of claim 7, wherein the second 
driver size is larger than the first driver size. 

9. The memory package of claim 7, wherein the control die 
further comprises a control circuit to control respective states 
of the first data conduits and the second data conduits in 
response to control signals received via one or more second 
terminals of the plurality of terminals. 

10. A memory module operable in a computer system with 
a system memory controller, comprising: 

a register device configured to receive input command/ 
address signals from the system memory controller and 
to output control signals; and 

a plurality of DRAM packages, each DRAM package com 
prising: 

data terminals via which the DRAM package communicate 
data signals with the system memory controller, and 
control terminals via which the DRAM package receive 
the control signals from the register device; 
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stacked array dies including a first group of array dies and 
a second group of at least one array die; 

die interconnects including first die interconnects and sec 
ond die interconnects, the first die interconnects in elec 
trical communication with the first group of array dies 
and not in electrical communication with the second 
group of at least one array die, the second die intercon 
nects in electrical communication with the second group 
of at least one array die and not in electrical communi 
cation with the first group of array dies; and 

a control die including first data conduits between the first 
die interconnects and data terminals, and second data 
conduits between the second die interconnects and the 
data terminals, the first data conduits including first driv 
ers each having a first driver size, the second data con 
duits including second drivers each having a second 
driver size different from the first driver size, the first 
drivers to drive first write data signals received from the 
system memory controller to one of the first group of 
array dies, the second drivers to drive second write data 
signals received from the system memory controller to 
one of the second group of at least one array die. 

11. The memory module of claim 10, wherein the control 
die receives the control signals and further includes a control 
circuit to control respective states of the first data conduits 
and the second data conduits in response to the control sig 
nals. 

12. The memory module of claim 11, wherein the control 
signals include data path control signals generated by the 
register device, the data path control signals being used to 
control the respective states of the first data conduits and the 
second data conduits. 

13. The memory module of claim 11, wherein the control 
die is configured to generate data path control signals from at 
least Some of the control signals, the data path control signals 
being used to control the respective states of the first data 
conduits and the second data conduits. 

14. The memory module of claim 10, wherein the control 
signals include address signals and the control die provides 
the address signals to the plurality of array dies. 
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15. The memory module of claim 10, wherein the input 

command/address signals include first chip select signals, 
wherein the register device is configured to perform rank 
multiplication by generating second chip select signals from 
at least some of the input command/address signals, the sec 
ond chip select signals having a number of chip select signals 
greater than the first chip select signals and equal to a number 
of array dies in the plurality of array dies, and wherein the 
DRAM package further comprises chip select die intercon 
nects for conducting the second chip select signals to respec 
tive ones of the plurality of array dies. 

16. The memory module of claim 10, wherein the control 
signals include output command/address signals derived 
from the input command/address signals, the output com 
mand/address signals including first chip select signals, 
wherein the control die is further configured to perform rank 
multiplication by generating second chip select signals from 
at least some of the output command/address signals, the 
second chip select signals having a number of chip select 
signals greater than the first chip select signals and equal to a 
number of array dies in the plurality of array dies, and wherein 
the DRAM package further comprises chip select die inter 
connects for conducting the second chip select signals to 
respective ones of the plurality of array dies. 

17. The memory module of claim 10, wherein the first 
driversize and the second driversize are related to a first load 
on the first driver and a second load on the second driver. 

18. The memory module of claim 10, wherein the control 
signals include command/address signals, and the control die 
includes buffers to control the timing of the command/ad 
dress signals. 

19. The memory module of claim 10, wherein the control 
die includes data buffers to control the timing of the data 
signals. 

20. The memory module of claim 10, wherein the first 
group of array dies include a greater number of array dies than 
the second group of at least one array die. 

k k k k k 
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